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(54) CYCLOPENTENONE DERIVATIVES 

(57) A cyclopentenone derivative represented by the following formula [I] or an optically active substance or a salt 
thereof. 




II] 



CO 
CM 



Q. 
HI 



(In the formula, R-\ and R 2 are same or different and each of them is straight or branched alkyl group, straight or 
branched alkenyl group, aromatic group, aromatic-aliphatic group or H with a proviso that the case where R 1 = R 2 = H, 
or R, = benzyl group and R 2 = H is excluded.) 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to the cyclopentenone derivative useful in the field of pharmaceutical agents 
having a physiological activity such as anticancer action and also relates to a method for the manufacture of said com- 
pounds. 



[0002] Pharmaceutical agents which have been used in clinical therapy include many agents such as anticancer 
agents, antibiotic substances, immunopotentiators, immunomodulators, etc. (such as alkylating agents, antimetabolites 
and plant alkaloids) but it can be hardly said that such a drug therapy has been completely established already. 
[0003] Among those agents, prostaglandin A and J having an a, p -unsaturated carbonyl in a five-membered ring 
among the prostaglandins derived from natural substances have been reported to have a possibility of being used as 
highly safe anticancer agents due to their inhibition of DNA synthesis and various derivatives of them have been syn- 
thesized (refer to the Japanese Laid-Open Patent Publication Sho-62/96438). 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] An object of the present invention is to develop the cyclopentenone derivative having a physiological action 
such as anticancer action, etc. and to offer a method for the manufacture of said compounds and pharmaceutical 
agents containing said compounds. 

MEANS TO SOLVE THE PROBLEMS 

[0005] The present inventors have conducted an intensive study for achieving said object and have found that the 
cyclopentenone derivative represented by the formula [II] is produced by the reaction of 4,5-dihydroxy-2-cyclopenten- 
1-one (hereinafter, referred to as just "cyclopentenone") represented by the formula [III] with alcohol and/or reactive 
derivative thereof and that said cyclopentenone derivative of the present invention has various strong physiological 
activity such as cell growth inhibiting activity on cancer cells, etc. whereby the present invention has been achieved. 
[0006] The present invention will be summarized to be as follows. Thus, the first feature of the present invention 
relates to a cyclopentenone derivative represented by the following formula [I] or an optically active substance or a salt 
thereof. 



(In the formula, R-j and R 2 are same or different and each of them is straight or branched alkyl group, straight or 
branched alkenyl group, aromatic group, aromatic-aliphatic group or H with a proviso that the case where = R 2 = H, 
or R-i = benzyl group and R 2 = H is excluded.) 

[0007] The second feature of the present invention relates to a method for the manufacture of a cyclopentenone 
derivative represented by the formula [II], characterized in that, 4,5-dihydroxy-2-cyclopenten-1-one represented by the 
following formula [III] and/or an optically active derivative thereof are/is made to react with alcohol and/or reactive deriv- 
ative thereof corresponding to R 3 and R 4 of the cyclopentenone derivative represented by the following formula [II] 
either simultaneously or successively. 
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(In the formula, R 3 and R 4 are same or different and each of them is straight or branched alkyl group, straight or 
branched alkenyl group, aromatic group, aromatic-aliphatic group or H with a proviso that the case where R 3 = R 4 = H 
is excluded.) 



20 



25 




[III] 



[0008] The third feature of the present invention is a pharmaceutical agent which is characterized in containing the 
30 compound selected from the cyclopentenone derivative, an optically active substance or a salt thereof of the first fea- 
ture of the present invention as an effective component. 

[0009] The fourth feature of the present invention is a pharmaceutical agent which is characterized in containing 
compound selected from cyclopentenone derivative, an optically active substance or a salt thereof obtained by the 
method of the second feature of the present invention as an effective component. 
35 [0010] In a preferred embodiment of the third and fourth features of the present invention, said pharmaceutical 
agent is an anticancer agent, apoptosis inducer or antibacterial agent. 

BRIEF EXPLANATION OF THE DRAWINGS 

40 [0011] 

Fig. 1 shows a 1 H-NMR spectrum of 4-benzyicyclopentenone ether. 
Fig. 2 shows a 1 H-NMR spectrum of 5-benzylcyclopentenone ether. 
Fig. 3 shows a 1 H-NMR spectrum of 4 t 5-dibenzylcyclopentenone ether. 
45 Fig. 4 shows a 1 H-NMR spectrum of 4-tert-butylcyclopentenone ether. 
Fig. 5 shows a 1 H-NMR spectrum of 5-tert-butylcyclopentenone ether. 
Fig. 6 shows a 1 H-NMR spectrum of 4,5-di-tert-butylcyclopentenone ether. 

Fig. 7 shows a CD of p-dimethylaminobenzoyl derivative of (-)-cyclopentenone and a stereostructure of (-)- 
cyclopentenone. 

50 Fig.8 shows a CD of p-dimethylaminobenzoyl derivative of (+)-cyclopentenone and a stereostructure of (+)- 
cyclopentenone. 

Fig. 9 shows a relation between the amount of 4-tert-butylcyclopentenone ether or 4,5-di-tert-butyicyclopentenone 
ether and the increasing rate of the pedal edema. 

55 EMBODIMENTS OF THE INVENTION 

[0012] The present invention will now be specifically illustrated as hereinafter. 

[0013] The cyclopentenone represented by the formula [III] used in the present invention covers both isomers 
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where the configurations of hydroxy! groups at 4- and 5-positions are cis and trans. In the present invention, any of ds- 
cyclopentenone, trans-cyclopentenone and a mixture of cis- and trans-cyclopentenone may be used. It is also possible 
to use optically active substances thereof. 

[0014] cis-Cyclopentenone may be prepared by a chemical synthesis [Helvetica Chimica Acta, volume 55, pages 
5 2838-2844 (1972)]. trans-Cyclopentenone may be prepared either by a chemical synthesis [Carbohydrate Res., volume 
247, pages 21 7-222 (1993)] or by heating uronic acid such as glucuronic acid, uronic acid derivative such as glucurono- 
lastone, etc. (refer to PCT/JP97/03052). In the present invention, it is also possible to use such a heated product or par- 
tially purified product or purified product thereof. 

[001 5] For example, when D-glucuronic acid is used as a uronic acid and its 1% solution is heated at 1 21 °C for four 
10 hours, the cycl ope nte none is produced in the heat-treated substance. The cyclopentenone in this heat-treated sub- 
stance is extracted with a solvent and the extract is concentrated. Then, this concentrated extract is separated by 
means of a silica gel column chromatography, the eluted cyclopentenone fraction is concentrated, the cyclopentenone 
is extracted with chloroform from the concentrate and the extract of the concentrate is subjected to a normal phase col- 
umn chromatography whereupon the cyclopentenone in the heat-treated substance is isolated. 
75 [001 6] Physical property of the cyclopentenone will be given as hereunder. Incidentally, a mass spectrometry anal- 
ysis of the cyclopentenone was conducted using a mass spectrometer DX302 (manufactured by Nippon Denshi). Fur- 
ther, measurement of an NMR using heavy chloroform as a solvent was conducted by JNM-A 500 (manufactured by 
Nippon Denshi). Specific rotation was measured by a DIP-370 polarimeter (manufactured by Nippon Bunko); ultraviolet 
absorption spectrum was measured by a UV-2500 spectrophotometer, (manufactured by Shimadzu); and infrared 
20 absorption spectrum (IR) was measured by an FTIR-8000 infrared spectrophotometer (manufactured by Shimadzu). 

MSm/z 115[M+H] + 

1 H-NMR (CDCI 3 ): 6 4.20 (1H, d, J=2.4 Hz, 5-H), 4.83 (1H,m, 4-H), 6.30 (1H, dd, J=1.2, 6.1 Hz, 2-H), 7.48 (1H, dd, 
J^2.1, 6.1 Hz, 3-H). 

[0017] Incidentally, the chemical shift value of the 1 H-NMR was given on a basis that the chemical shift value of 
CHCI3 was 7.26 ppm. 

Optical rotation: [<x] D 20 0° (c 1 .3, water) 
30 U V: A, max 215 nm (water) 

IR (KBr method): absorptions were noted at 3400, 1715, 1630, 1115, 1060, 1025 cm" 1 . 

[0018] When the isolated cyclopentenone is subjected to an optical resolution, (-)-4,5-dihydroxy-2-cyclopenten-1- 
one and (+)-4,5-dihydroxy-2-cyclopenten-1-one are obtained. It goes without saying that the cyclopentenone obtained 

35 by a synthetic method can be subjected to an optical resolution as well. 

[0019] For example, the cyclopentenone is dissolved in ethanol. To this ethanolic solution is further added hex- 
ane/ethanol (94/6) to prepare a cyclopentenone solution. The cyclopentenone can be optically resolved when this sam- 
ple solution is subjected to an HPLC using, for example, a Chiral Pack AS (manufactured by Daicel Chemical Industries) 
under such a condition that the column temperature was 40°C and the mobile phase was hexane/ethanol (94/6). 

40 [0020] Optical rotation of the optically resolved (-)-trans-4,5-dihydroxy-2-cyclopenten-1 -one [hereinafter, referred to 
as (-)-cyclopentenone] is [a] D 20 -105° (c 0.30, ethanol) while that of the optically resolved (+)-trans-4,5-dihydroxy-2- 
cyclopenten-1-one [hereinafter, referred to as (+)-cyclopentenone] is [a] D 20 + 104° (c 0.53, ethanol). Incidentally, the 
optical rotation was measured by the above-mentioned polarimeter of the type DIP-370 (manufactured by Nippon 
Bunko). 

45 [0021] After that, each of (-)-cyclopentenone and (+)-cyclopentenone was subjected to structural analysis by 
means of mass analysis and nuclear magnetic resonance (NMR), measurement of UV absorption spectrum and meas- 
urement of infrared absorption spectrum by the method mentioned already. As a result, both optically active substances 
showed the same result as that of the cyclopentenone before the optical resolution. 

[0022] Each of the optically resolved (-)-cyclopentenone and (+) -cyclopentenone was converted to a p-dimethyl- 
50 aminobenzoyl derivative, the circular dichroism spectrum (CD) was measured using a circular dichroism dispersimeter 
of type J-720 (manufactured by Nippon Bunko) and the result was applied to a dibenzoate chirality rule (J. Am. Chem. 
Soc, volume 91, pages 3989-3991 (1969)] to determine the configuration. 

[0023] CD of p-dimethylaminobenzoyl derivative of (-)-cyclopentanone and stereostructure of (-)-cyclopentenone 
are shown in Fig. 7. In the drawing, the ordinate indicates molar circular dichroism while the abscissa indicates wave 
55 length (nm). Incidentally, the above stereostructure is given hereunder as the formula [IV] 
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OH 



[IV] 



75 [0024] CD of p-dimethylaminobenzoyl derivative of (+)-cyclopentanone and stereostructure of (+)-cyclopentenone 
are shown in Fig. 8. In the drawing, the ordinate indicates molar circular dichroism while the abscissa indicates wave 
length (nm). Incidentally, the above stereostructure is given hereunder as the formula [V] 



25 




30 

[0025] As shown in Fig. 7, Fig. 8, formula [IV] and formula [V], the (-)-cyclopentenone is (-)-(4R,5S)-trans-4,5-dihy- 
droxy-2-cyclopenten-1-one while the (+)-cyclopentenone is (+)-(4S,5R)-trans-4,5-dihydroxy-2-cyclopenten-1-one. 
[0026] The above-mentioned cyclopentenones or an optically active substance thereof may be manufactured by 
35 any method, i.e. they may be manufactured by a method disclosed in this specification or by means of other chemical 
synthesis; and trans- and cis-cyclopentenone, a mixture thereof or optically active substances thereof may be used in 
the present invention as well. 

[0027] When the cyclopentenone and/or an optically active substance thereof are/is made to react with alcohol 
and/or reactive derivative thereof having straight or branched alkyl group, straight or branched alkenyl group, aromatic 
40 group or aromatic-aliphatic group either simultaneously or successively, the cyclopentenone derivative of the present 
invention represented by the formula [II] or an optically active substance derivative thereof is produced in the reaction 
solution. 

[0028] Alcohol having straight or branched alkyl group may be used as the alcohol having alkyl group and the 
length of the alkyl chain can be appropriately selected according to the biological activity, solubility, etc. of the cyclopen- 
45 tenone derivative. 

[0029] Examples of the applicable alcohol having straight alkyl group are methanol, ethanol, propanol, butanol, 
pentanol, hexanol, heptanol, octanol, nonanol, decanol. lauryl alcohol, myristyl alcohol, palmityl alcohol and stearyl 
alcohol. 

[0030] Examples of the applicable alcohol having branched alkyl group are isobutyl alcohol, tert-butyl alcohol, iso- 

so amy) alcohol and tert-amyl alcohol. 

[0031] With regard to the alcohol having alkenyl group, alcohol having straight or branched alkenyl group may be 
used and the chain length, degree of unsaturation and position of the unsaturated bond of the alkenyl group may be 
appropriately selected according to biological activity, solubility, etc. of the cyclopentenone derivative. 
[0032] Examples of the applicable alcohol having straight alkenyl group are vinyl alcohol, allyl alcohol, croton alco- 

55 hoi and 3-hexen-1-ol. 

[0033] Examples of the applicable alcohol having branched alkenyl group are geraniol, farnesol, geranylgeraniol, 
retinol, linalool, nerolidol and nerol. 

[0034] Examples of the applicable alcohol having aromatic group are phenol, cresol, nitrophenol, chlorophenol, 
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brompphenol, catechol, resorcinol, hydroquinone and naphthol and an alcohol having appropriate aromatic group may 
be selected according to biological activity, solubility, etc. of the cyclopentenone derivative to be manufactured. 
[0035] Examples of the applicable alcohol having aromatic-aliphatic group are benzyl alcohol, phenetyl alcohol, 
phenacyl alcohol, styrene glycol and phenylpropanol and an alcohol having appropriate aralkyl group may be selected 
5 according to biological activity, solubility, etc. of the cyclopentenone derivative to be manufactured. 

[0036] Examples of the reactive derivative of alcohol used in the present invention, are alkyl halides, aryl halides, 
acid esters, diazo compounds, salts and alkenes which are dehydrated products of alcohol and such a reactive deriva- 
tive of alcohol which is to be used may be prepared depending upon the object. 

[0037] Reaction of alcohol and/or reactive derivative thereof with cyclopentenone may be conducted so as to make 
10 R 3 and R 4 of the cyclopentenone derivative represented by the formula [II] same, to leave one of R 3 and R 4 unreacted 
H, or to make R 3 and R4 different. Thus, the two hydroxyl groups of cyclopentenone may be made to react at the same 
time; one of them may be made to react; alcohol where R 3 and R 4 are different and/or a reactive derivative thereof may 
be made to react with cyclopentenone at the same time; or alcohol where R 3 and R 4 are different and/or a reactive 
derivative thereof may be made to react with cyclopentenone successively When one of the hydroxyl groups of 
15 cyclopentenone is protected, it is possible to efficiently manufacture a cyclopentenone derivative where alcohol where 
R 3 and R 4 are different or a cyclopentenone derivative where one of R 3 and R 4 is etherified. 

[0038] Incidentally, in the cyclopentenone derivative represented by the formula [Q offered by the present invention, 
R-i and R 2 in said cyclopentenone derivative may be same, one of R-) and R2 therein may be unreacted H, or R-i and 
R 2 therein may be different as well. 

20 [0039] The cyclopentenone derivative or an optically active substance thereof which is produced by the reaction of 
the cyclopentenone or an optically active substance thereof with alcohol and/or reactive derivative thereof has a potent 
inhibiting activity for growth of oncogene and can be purified and isolated from the reaction solution using said activity 
as an index. The means for purification and isolation may be known purifying means such as chemical method and 
physical method. Thus, conventionally known methods such as gel filtration, fractionation using a molecular weight f rac- 

25 tionating membrane, extraction with solvent, fractional distillation and various chromatographic methods using ion 
exchange, normal phase, reversed phase, etc. are combined whereby the cyclopetenone derivative or an optically 
active substance thereof can be purified and isolated. 

[0040] For example, cyclopentenone or its optically active substance and trichloroacetimidate of benzyl alcohol or 
tert-butyl alcohol are dissolved in an argon stream and a solution of boron trrfluoride-diethyl ether complex is added 
30 thereto and made to react therewith to give the cyclopentenone derivative of the present invention. 

[0041 ] When cyclopentenone or its optically active substance is dissolved in tetrahydrofuran and then alkyl halide 
and sodium hydride are added thereto and made to react therewith, the cyclopentenone derivative of the present inven- 
tion is produced. 

[0042] When cyclopentenone or its optically active substance is dissolved in dioxane and then potassium hydroxide 
35 and dimethyl sulfate are added thereto and made to react therewith, the cyclopentenone derivative of the present inven- 
tion is produced. 

[0043] When cyclopentenone or its optically active substance is dissolved in dichloromethane and then diisdpropyl 
ethylamine and triethyloxonium tetraf luoroborate are added thereto and made to react therewith, the cyclopentenone 
derivative of the present invention is produced. 
40 [0044] Further, when cyclopentenone or its optically active substance is dissolved in dichloromethane and then tri- 
fiuoromethanesulfonic acid and alkene are added thereto and made to react therewith, the cyclopentenone derivative 
of the present invention is produced. 

[0045] The cyclopentenone derivative of the present invention which is produced as such may, if necessary be 
purified and isolated by known means such as extraction with solvent, column chromatography and thin layer chroma- 
45 tography. 

[0046] Separation of the optically active substances of the cyclopentenone derivative obtained by the present 
invention can be conducted by subjecting the racemic mixture to mechanical resolution, preferential crystallization, res- 
olution by crystallization as diastereomer salts or as inclusion compounds, dynamic resolution using enzymes or micro- 
organism, resolution by means of chromatography, etc. 
so [0047] Gas chromatography, liquid chromatography, thin layer chromatography, etc. may be used in the case of a 
resolution by chromatography and a chiral stationary, phase which is suitable for each of them may be used. 
[0048] A method using a chiral stationary phase, a method using a chiral eluate, separation as a diastereomer, etc. 
may be used in an optical resolution by liquid chromatography. 

[0049] A stationary phase of an amide type, that of a urea type, that of a ligand exchange type, polysaccharide- 
55 polysaccharide derivative stationary phase, protein stationary phase, polymethacrylate stationary phase, polymethacr- 
ylamide stationary phase, etc. maybe used as a chiral stationary phase. 

[0050] With regard to an eluting liquid, that of a hexane type, an alcohol type, an aqueous (buffer) type, etc. may be 
suitably used taking the combination with the above-mentioned stationary phase into consideration. 
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[0051] With regard to the salt of the compound of the present invention or optically active substance thereof, salts 
which are acceptable as pharmaceutical agents are exemplified and they may be prepared by converting by means of 
known methods. 

[0052] The cyclopentenone derivative represented by the formula [I] or [II] of the present invention (hereinafter, 

5 referred to as just "cyclopentenone derivative of the present invention"), an optically active substance thereof or a salt 
thereof has physiological activities such as anticancer activity, activity of growth inhibition of cancer cells, apoptosis- 
inducing activity, activity of topoisomerase II inhibition, induction activity of the cancer cell differentiation, antirheumatic 
activity, activity of chronic articular rheumatism inhibition, activity of inducing the Fas antigen production, antibacterial 
activity, antiviral activity, activity of improving the hepatic function, activity of inducing the heat shock protein, normaliz- 

w ing activity of the blood components, enhancer activity of the cancer immunity, anti -inflammation activity, inhibition activ- 
ity of Jumor necrosis factor expressio n, inhi bition activity of nitrogen monoxide production, immunorfiSlulating-activity 
sucFT^inRiBition" activity~6f "delayed type hypersensitivity, inhibition activity of lymphocyte transformation, inhibition 
activity of mixed lymphocyte reaction, inhibition activity of IgE production and inhibition activity of carrageenan edema 
and, due to those activities, pharmaceutical agent containing as an effective component at least one compound which 

is is selected from the cyclopentenone derivative of the present invention, an optically active substance thereof or a salt 
thereof is useful as a drug acting biophylaxic function such as pharmaceutical preparation acting the antibody produc- 
tion function, anti-inflammatory agent, antiallergic agent, antirheumatic agent and interferon inducer, a drug acting the 
saccharide metabolism such as remedy for diabetes mellitus and a drug acting the pathogenic organisms such as anti- 
bacterial agent and antiviral agent. Accordingly, the pharmaceutical agent obtained by the present invention is quite 

20 useful as a drug for the diseases which show sensitivity to the compound of the present invention, an optically active 
> substance thereof or a salt thereof, i.e. as a drug for therapy or prevention of, for example, cancer, viral diseases, rheu- 
matism, diabetes mellitus, allergy, autoimmune diseases, inflammation, etc. 

[0053] The cyclopentenone derivative of the present invention, an optically active substance thereof or a salt 
thereof has a cell growth suppressing action to cancer cells such as human promyelocytic leukemia cells HL-60, human 

25 acute lymphoblastic leukemia cells MOLT-3, pulmonary cancer cells A-549, SV40-transformed pulmonary cancer cells 
WI-38VA13, hepatoma cells Hep G2, colon cancer cells HCT 116, human colon cancer cells SW 480, human colon 
cancer cells WiDr, stomach cancer cells AGS and myeloma cells. An anticancer agent can be prepared when at least 
one of the compound selected from the cyclopentenone derivative of the present invention, an optically active sub- 
stance thereof or a salt thereof is used as an effective component and is made into a pharmaceutical preparation by 

30 compounding with known pharmaceutical carriers. Mechanism of anticancer activity of the cyclopentenone derivative, 
an optically active substance thereof or a salt thereof obtained by the present invention does not limit the scope of the 
present invention at all and, for example, an apoptosis inducing action and an activity of topoisomerase inhibition to can- 
cer cells is covered by anticancer activity of the present invention as well. 

[0054] Generally, the compound selected from the cyclopentenone derivative of the present invention, an optically 
35 active substance thereof or a salt thereof is compounded with a pharmaceutically acceptable liquid or solid carrier and, 
if necessary, solvent, dispersing agent, emulsif ier, buffer, stabiiizer, filler, binder, disintegrating agent, lubricant, etc. are 
added thereto to give an anticancer agent which may be in solid such as tablets, granules, diluted powders, powders, 
capsules, etc. or in liquid such as solutions, suspensions, emulsions, etc. Further, this may be in a dry preparation 
which can be made into liquid by adding an appropriate carrier before use. 
x 40 [0055] The pharmaceutical carrier may be selected depending upon the above-mentioned mode of the administra- 
J tion and form of the preparation. In the case of oral preparations, starch, lactose, sugar, mannrtol.carboxymethyi cellu- 
lose, corn starch, inorganic salts, etc. may be used. In the manufacture of oral preparations, binders, disintegrating 
agents, surface-active agents, lubricants, fluidity promoters, taste-correctives, coloring agents, flavors, etc. may be fur- 
ther compounded therewith. 

45 [0056] On the other hand, in the case of parenteral preparations, they may be prepared by common methods where 
the compound selected from the cyclopentenone derivative of the present invention, an optically active substance 
thereof or a salt thereof which is an effective component of the present invention is dissolved or suspended in a diluent 
such as distilled water for injection, physiological saline solution, aqueous solution of glucose, vegetable oil for injection, 
sesame oil. peanut oil, soybean oil, corn oil, propylene glycol, polyethylene glycol, etc. followed, if necessary, by adding 

so bactericides, stabilizers, isotonic agents, analgesics, etc. thereto. 

[0057] The anticancer agent of the present invention is administered by an appropriate route depending upon the 
form of the preparation. There is no particular limitation for the method of administration as well and it may be adminis- 
tered by means of oral use, external use and injection. Injection preparations are administered, for example, intrave- 
nously, intramuscularly, subcutaneously, intracutaneously, etc. while preparations for external use include 

55 suppositories, etc. 

[0058] Dose as an anticancer agent is appropriately decided by its form of preparation, method of administration, 
purpose of use and age, body weight and symptom of the patient to be treated and it is not constant but, usually, the 
amount of the cyclopentenone derivative of the present invention, an optically active substance thereof or a salt thereof 
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contained in the preparation is from 0.1 \i g to 200 mg/kg per day (for adults). Of course, the dose may vary depending 
upon various conditions and, therefore, the dose less than above may be sufficient in some cases while, in other cases, 
the dose more than above maybe necessary. The pharmaceutical agent of the present invention can be directly admin- 
istered orally and, in addition, it can be added to any food and beverage so that the agent can be taken on a routine 
5 basis. 

[0059] The cyclopentenone derivative of the present invention, an optically active substance or a salt thereof has 
an apoptosis inducing action. When an apoptosis inducer can be made into pharmaceutical preparations according to 
the above-mentioned anticancer agent, the apoptosis inducer containing at least one compound selected from the 
cyclopentenone derivative of the present invention, an optically active substance or a salt thereof as an effective com- 

10 ponent can be prepared and can be administered by the same manner as in the case of the anticancer agent. 

[0060] The dose as the apoptosis inducers is not particularly specified but may be appropriately determined 
depending upon the dosage form, administration method, purpose of the use and age, body weight, conditions, etc. of 
the patient to whom the inducer is administered. Usually, however, the amount of the compound selected from the 
cyclopentenone derivative of the present invention, an optically active substance or a salt thereof contained in the prep- 

15 aration for an adult is 0.1 jig-100 mg/kg per day. As a matter of course, the dose may vary depending upon various fac- 
tors and, therefore, the dose less than the above-mentioned one may be sufficient in some cases while, in other cases, 
the dose more than the above may be necessary. The agent of the present invention may be administered orally as it 
is and, further, the agent maybe taken daily after adding to common food and/or beverage as well. 
[0061] Unlike necrosis which is a pathogenic death of cells, apoptosis is a death which is initially programmed in 

20 the gene of the cell itself. Thus, the gene which programs the apoptosis is activated by certain external or internal 
causes whereby programmed cell death gene protein is produced or, in some case, programmed death protein which 
exists in cells as non-activated type is activated. Then the cell itself is decomposed and is believed to be dead by the 
resulting programmed death protein. The apoptosis inducer of the present invention is quite useful since it is capable of 
induction of such apoptosis in desired tissues and cells and able to exclude the unnecessary cells or the harmful cells 

25 from living organisms in a natural state. 

[0062] Thus, the apoptosis inducer of the present invention is effective in elimination of, for example, virus-infected 
cells, cancer cells and autoreactive lymphocytes in the patients suffering from autoimmune diseases and, as a result of 
expression of apoptosis in desired tissues or cells, it is now possible to eliminate the unnecessary or harmful cells from 
living body in their natural form. Examples of the diseases for which the apoptosis inducer of the present invention is 

30 effective are systemic lupus erythematosus, immune-intervening glomerular nephritis, multiple sclerosis, collagen dis- 
ease and other autoimmune diseases as well as rheumatism. 

[0063] The apoptosis inducer of the present invention can be used in a method for the induction of apoptosis. Thus, 
when the cyclopentenone derivative of the present invention, an optically active substance thereof or a salt thereof is 
used as an effective component, it is possible to induce apoptosis and said method is useful, for example, for elucidation 

35 of a mechanism for apoptosis induction and for screening of apoptosis inducers and apoptosis induction inhibitors. 
[0064] Carrageenan podedema model is a reaction in which carrageenan which is an inflammation inducer is sub- 
cutaneously injected to paws to induce inflammation cells such as macrophage and neutrophils whereby blood vessel 
permeability is enhanced by inflammatory factors produced from those cells inducing the edema. The inhibiting action 
of the above-mentioned immunomodulator to edema is useful for therapy or prevention of diseases requiring control of 

40 enhancement of blood vessel permeability such as chronic articular rheumatism. The cyclopentenone derivative of the 
present invention, an optically active substance thereof or a salt thereof has a suppressing action to edema caused by 
carrageenan and the pharmaceutical agents which contain at least one compound selected from those compounds as 
an effective component are useful as anti-inflammatory agents and antirheumatic agents which are useful for therapy 
or prevention of inflammatory diseases requiring the control of acceleration of permeability of blood vessels such as 

45 rheumatoid arthritis. 

[0065] The present invention further offers a topoisomerase inhibitor containing at least one compound selected 
from the cyclopentenone derivatives of the present invention, optically active substances thereof, or salts thereof as an 
effective component and also offers a method for the inhibition of topoisomerase where at least one, compound 
selected from those compounds is used as an effective component. Such a topoisomerase inhibitor is useful as an anti- 
so cancer agent while said topoisomerase inhibiting method is useful in biochemical studies and in screening of anticancer 
agents. 

[0066] Furthermore, the present invention offers the pharmaceutical agents acting the biophylaxic mechanism such 
as preparations acting the anibody production mechanism, anti-inflammatory agents, antiallergic agents, antirheumatic 
agents, interferon inducers, etc., the pharmaceutical agents acting the saccharide metabolism such as remedies for 
55 diabetes mellitus, the pharmaceutical agents acting the pathogenic organisms such as antibacterial agents, antiviral 
agents, etc. and topoisomerase inhibitors and the like containing at least one compound selected from the cyclopen- 
tenone derivatives of the present invention, optically active substances thereof or salts thereof as an effective compo- 
nent and said pharmaceutical agents can be made into pharmaceutical preparations by the same manner as in the 
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case of anticancer agents and can be administered in a method and dose by the same manner as in the case of anti- 
cancer agents. 

[0067] The cyclopentenone derivative of the present invention, an optically active substance thereof or a salt 
thereof can be efficiently manufactured from cyclopentenone and any of desired alcohols or reactive derivatives thereof 
5 and the present invention offers the cyclopentenone derivative represented by the formula [II], an optically active sub- 
stance thereof or a salt thereof. 

[0068] There is no particular limitation for the method of manufacturing the food and beverage containing the 
cyclopentenone derivative, an optically active substance or a salt thereof obtained by the present invention but cooking, 
processing and commonly-used manufacturing methods for food and beverage may be applied provided that an effec- 
10 tive amount of the cyclopentenone derivative of the present invention, an optically active substance or a salt thereof is 
contained in the resulting food or beverage. 

[0069] The cyclopentenone derivative of the present invention, an optically active substance thereof or a salt 
thereof does not exhibit toxicity upon administration of its dose which is effective for achieving the physiological activity. 
For example, in the case of oral administration, no dead case was noted in mice by a single oral administration of 300 
75 mg/kg of 4-tert-butylcyclopentenone ether, opticalily active substance or a salt thereof, or 4,5-di-tert-butylcyciopenten- 
one ether, optically active substance or a salt thereof. 

[0070] To sum up, the cyclopentenone derivative of the present invention, an optically active substance or a salt 
thereof can be easily manufactured and, due to its, various physiological functions, it is a compound which is quite use- 
ful in broad areas of pharmaceutical agents, foods, etc. 

20 

EXAMPLES 

[0071] The present invention will be further illustrated by way of the following examples although the present inven- 
tion is never limited to those examples. Incidentally, used in the examples stands for "% by weight". 

25 

Example 1. 
[0072] 

30 (1) D-Glucuroic acid (G 5269; manufactured by Sigma) (10 g) was dissolved in 1 liter of water, heated at 121 C C for 
four hours and concentrated in vacuo until about 10 ml. This was mixed with 40 ml of an upper layer of a 3:2:2 mix- 
ture of butyl acetate, acetic acid and water and centrifuged and the resulting supernatant liquid was concentrated 
in vacuo until about 10 ml. 

The above extract was applied to silica gel (BW-300SP; 2 x 28 cm; manufactured by Fuji Silycia) for a column 
35 chromatography and separated using an upper layer of a 3:2:2 mixture of butyl acetate, acetic acid and water as 
an eluate at the flow rate of about 5 ml/minute under a pressure of 0.2 kg/cm 2 using a compressor. Fractionation 
was conducted to make a volume of one fraction 1 0 ml and a part of each fraction was analyzed by a thin layer chro- 
matography whereupon cyclopentenone of a high purity was contained in 61st to 80th fractions. Those fractions 
were collected, concentrated in vacuo, extracted with 40 ml of chloroform and the extract was concentrated in 
40 vacuo to afford 100 mg of cyclopentenone. 

The fraction was separated by means of a normal phase HPLC using a Palpack type S column (manufactured 
by Takara Shuzo) and, when a detection was conducted by an ultraviolet absorption of 21 5 nm, the purity was found 
to be 98%. 

The above cyclopentenone (113.9 mg) was dissolved in 2.85 ml of ethanol. To this ethanolic solution was 
45 added 3.85 ml of hexane/ethanol (94/6) to prepare a cyclopentenone solution (17 mg/ml). This was filtered through 
a filter of 0.5 \i m to prepare a sample solution for an optical resolution HPLC. 

This sample solution was applied to an optical resolution HPLC, each of the fractions of the (-)-cyclopentenone 
in the earlier peak and the (+)-cyclopentenone in the later peak was collected and evaporated to dryness in vacuo 
to give 43.2 mg of the (-)-cyclopentenone and 43.0 mg of the (+)-cyclopentenone. 
so Conditions for Optical Resolution HPLC. 

Columns: Chiral Pack AS (manufactured by Daicel) 2.0 cm x 25.0 cm 
Column temperature: 40°C 
Mobile phase: hexane/ethanol (94/6) 
55 Flow rate: 14.0 ml/minute 

Detection: UV 210 nm 

Amount of the charged sample: 150 pJ (2.55 mg) 
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Each of the (-)-cyclopentenone and (+)-cyclopentenone obtained herein contains about 1% of enantiomer and, 
therefore, they were subjected to an optical resolution under the above-mentioned conditions again. As a result, 
19.7 mg of the (-)-cycIopentenone containing no enantiomer was obtained from 30.0 mg of the (-)-cyclopentenone 
of the earlier peak while, from 37.4 mg of the (+)-cyclopentenone of the later peak, 27.7 mg of the (+)-cyclopenten- 
5 one containing no enantiomer was obtained. Incidentally, the eluting times in optical resolution HPLC of the (-)- 

cyclopentenone and (+)-cyclopentenone were 33 minutes and 40 minutes, respectively. 

(2) Cyclopentenone (44 mg) and 492 mg of benzyl 2,2,2-trichloroacetimidate (manufactured by Aldrich; 14.033-3) 
were dissolved in 2.5 ml of dichloromethane (manufactured by Wako Pure Chemical; 135-02441) in an argon 
stream. To this was gradually added a solution of 28 jil/ml boron trrf luoride-diethyl ether complex (manufactured by 

10 Wako Pure Chemical; 022-08362) in 1 ml of dichloromethane with stirring. After stirring at room temperature for 
eight hours, the mixture was concentrated in vacuo followed by subjecting to a silica gel thin layer chromatography 
using chloroform:methanol (19:1) as a developer to purify 4-benzylcyclopentenone ether, 5-benzylcyclopentenone 
ether and 4,5-dibenzylcyclopentenone ether. The Rf values of 4-benzylcyclopentenone ether, 5-benzylcyclopen- 
tenone ether and 4,5-dibenzylcyclopentenone ether were 0.3, 0.45 and 0.8, respectively. Yields of 4-benzytcy- 

75 clopentenone ether, 5-benzylcyclopentenone ether and 4,5-dibenzylcyclopentenone ether were 3.7%, 3.7% and 
2.5%, respectively. 

(3) Structures of 4-benzylcyclopentenone ether, 5-benzylcyclopentenone ether and 4,5-dibenzylcyclopentenone 
ether manufactured in Example 1-(2) were confirmed by means of a nuclear magnetic resonance (NMR). The 
apparatus used for the nuclear magnetic resonance was JNM-EX270 FT NMR System (manufactured by Nippon 

20 Denshi). Chemical shift values by 1 H-NMR are given where that of tetramethytsilane is defined as 0 ppm. The result 
is given below. 

4- Benzylcyclopentenone ether 

25 1 H-NMR: 6 7.47 (1 H, dd, J=6.0Hz, J=1 .68), 6 7.36 (5H, m), 6 6.3 (1 H, dd, J=6.0Hz, J=1 .33Hz) t 6 4.88 (1 H, 

d, J=1 1 .55), 6 4.75 (1 H; d, J=1 1 .55), 6 4.55 (1 H, m), 6 4.28 (1 H, m), 6 2.78 (1 H, m) 

5- Benzylcyclopentenone ether 

30 1 H-NMR; 6 7.39 (6H, m), 6 6.22 (1H, dd, J=6.24Hz, J=1.32Hz), 6 5.09 (1H, d, J=1 1.87), 6 4.79 (1H t m), 6 

4.77 (1 H, d, J=1 1 .87), 6 3.98 (1 H, d, J=2.97), 6 2.06 (1 H. m) 

4,5-Benzylcyclopentenone ether 

35 1 H-NMR: 6 7.47 (1H, dd, J=6.27Hz, J=1.98), 6 7.34 (10H, m), 66.29 (1H, dd, J=6.10Hz, J=1.49Hz), 6 4.88 

(1 H, d, J=1 1 .85), 6 4.74 (1 H. d, J=1 1 .85), 6 4.71 (2H, d, J=1 1 .55), 6 4.56 (1 H, m), 6 4.33 (1 H, d, J=2.64) 

1 H-NMR spectra of those derivatives are shown in Fig. 1 to Fig. 3. Thus, Fig. 1 shows an NMR spectrum of 4- 
40 benzylcyclopentenone ether, Fig. 2 shows an NMR spectrum of 5-benzylcyclopentenone ether and Fig. 3 shows 
an NMR spectrum of 4,5-dibenzylcyclopentenone ether. In Fig. 1 to Fig. 3, the abscissa indicates chemical shift val- 
ues (ppm) and the ordinate indicates signal intensity. 

(4) Cyclopentenone (44 mg) and 287 mg of tert-butyl 2,2,2-trichloroacetimidate (manufactured by Aldrich. 36,478- 
9) were dissolved in 2.5 ml of dichloromethane in an argon stream. To this was gradually added 1 ml of a solution 

45 of 28 pJ/ml of boron trifluoride-diethyl ether complex in dichloromethane with stirring. The mixture was stirred at 
room temperature for eight hors, concentrated in vacuo and subjected to a silica gel thin layer chromatography by 
the same manner as in Example 1 -(2) to purify 4-tert-butylcyclopentenone ether, 5-tert-butylcyclopentenone ether 
and 4,5-di-tert-butylcyclopentenone ether. The Rf values of 4-tert-butylcyclopentenone ether, 5-tert-butylcyclopen- 
tenone ether and 4,5-di-tert-butylcyclopentenone ether were 0.35, 0.27 and 0.73, respectively. Yields of 4-tert- 

so butylcyclopentenone ether, 5-tert-butylcyclopentenone ether and 4,5-di-tert-butylcyclopentenone ether were 9.2%, 
1 .9% and 1 1 %, respectively. 

(5) Structures of 4-tert-butylcyclopentenone ether, 5-tert-butylcyclopentenone ether and 4,5-di-tert-butylcyclopen- 
tenone ether manufactured in Example 1 -(4) were confirmed by means of an NMR in the same manner as in Exam- 
ple 1-(3). The result is shown below. 

55 

4-tert-Butylcyclopentenone ether 

1 H-NMR: 6 7.34 (1H, dd, J=5.94Hz, J=0.99), 6 6.25 (1H, dd, J=6.10, J=1.49), 6 4.59 (1H, m), 6 4.08 (1H, 
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d, J=2.31). 6 2.85 (1H, m). 6 1.33 (9H, s) 
5-tert-Butylcyc!opentenone ether 

5 1 H-NMR: 6 7.37 (1H, dd ( J=6.27Hz ( J=1.98), 6 6.23 (1H f dd, J=6.27, J=1.32), 6 4,75 (1H, m), 6 4.04 (1H, 

d, J=2.63), 6 2.23 (1H, m), 6 1.32 (9H, s) 

4,5-di-tert-Butytcyclopentenone ether 

ro 1 H-NMR: 6 7.35 (1H, dd, J=6.27Hz, J=1.65). 6 6.24 (1H, dd, J=6.26; J=0.99), 6 4.62 (1H, ddd. J=3.3, 

J=1.65, J=0.99), 6 4.16 (1 H, d, J=3.31), 6 1.38 (18H, s) 



1 H-NMR spectra of those derivatives are shown in Fig. 4 to Fig. 6. Thus, Fig. 4 shows an NMR spectrum of 4- 
15 tert-butylcyclopentenone ether, Fig. 5 shows an NMR spectrum of 5-tert-butylcyclopentenone ether and Fig. 6 
shows an NMR spectrum of 4,5-di-tert-butylcyclopentenone ether. In Fig. 4 to Fig. 6, the abscissa indicates chem- 
ical shift values (ppm) and the ordinate indicates signal intensity. 

Example 2. 

20 

^) [0073] 

(1)A 1.22, 2.44, 4.88, 9.77, 19.5, 39.1, 78.1. 156, 313, 625, 1250, 2500, 5000 or 10000 ng/ml solution (10 u,!)(in 
70% aqueous solution of ethanol) of 4-benzylcyclopentenone ether, 5-benzylcyclopentenone ether or 4,5-dibenzyl- 

25 cyclopentenone ether or a 70% aqueous solution of ethanol as a control (10 was added to each well of a 96- 
well microtiter plate followed by drying with air. Promyelocytic leukemia cell strain HL-60 (ATCC CCL-240) was sus- 
pended in an RPMI 1640 medium containing 10% of fetal calf serum to an extent of 1 x 10 5 cells/ml, each 100 pJ 
thereof was poured into each well of the above microtiter plate and incubated at 37°C for 48 hours in the presence 
of 5% of C0 2 . Incubation was continued for four hours more after addition of 10 |xJ of a solution (5 mg/ml) of 3-4,5- 

30 dimethylthiazol-2-yl)-2,5-diphenyltetrazoiium bromide (MTT; manufactured by Sigma) in a phosphate-buffered 
aqueous saline solution and then the state of growth of the cells was observed under a microscope. Further, 100 
\i\ of 2-propanol containing 0.04N HCI was added thereto followed by well stirring and the absorbance at 590 nm 
was measured. 

The result was that the growth of the cells was completely suppressed in the section to which 2.44 jig/ml of 4- 
35 benzylcyclopentenone ether (final concentration: 0.244 jig/ml; 1.20 jjlM), 19.5 jig/m! of 5-benzylcycloperrtenone 
ether (final concentration: 1 .95 pig/ml; 9.56 p,M) or 1 56 pg/ml of 4,5-dibenzylcydopentenone ether (final concentra- 
tion: 15.6 |xg/ml; 53.1 p.M) was added. Formation of apoptic body was noted as well. Incidentally, in the sections to 
which lower concentrations than the above were added, there was no difference between them and the water- 
added control section. 

x 40 (2) Influence of 4-tert-butylcyclopentenone ether, 5-tert-butylcyclopentenone ether or 4,5-di-tert-butylcyclopenten- 
*J one ether to the growth of HL-60 cells was measured by the same method as in Example 2-(1). 

The result was that the growth of the cells was completely suppressed in the section to which 313 pg/ml of 4- 
benzylcyclopentenone ether (final concentration: 31 .3 jig/ml; 1 80 jiM), 78. 1 jig/ml of 5-benzylcyclopentenone ether 
(final concentration: 7.81 pg/ml; 46 |xM) or 625 pg/ml of 4,5-dibenzylcyclopentenone ether (final concentration: 62.5 
45 pg/ml ; 280 pM) was added. Formation of apoptic body was noted as well. Incidentally, in the sections to which lower 
concentrations than the above were added, there was no difference between them and the water-added control 
section. 

In the meanwhile, the above-mentioned compounds showed an activity of suppressing the cancer cell growth 
and an activity of apoptosis induction. Optically active substances of those compounds showed both activities to a 
so similar extent. 

Example 3. 

[0074] Lewis rats (male; nine weeks age; body weight: about 250 g) were purchased from Seakku-Yoshitomi and 
55 the inflammation models such as carrageenan-induced pedal edema model (a model of rheumatoid arthritis) were pre- 
pared as follows whereby the tested substances were evaluated. 

[0075] Thus, 4-tert-butylcyclopentenone ether or 4,5<li-tert-butylcyclopentenone ether in various concentrations by 
dissolving in olive oil (manufactured by Nacalai Tesque) was orally administered at the dose of 1 mg/10 ml/kg or 10 
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mg/1 0 ml/kg to rats which were fasted for 1 8 hours before initiation of the experiment. 

[0076] After 0.5 hour from administration of these test drugs, 100 fil/rat of 1% suspension of carrageenan (manu- 
factured by Wako) in a physiologically saline solution (manufactured by Otsuka Pharmaceutical) was injected to right 
paw to induce pedal edema. After three hours from the carrageenan injection, volume of right paw of the rat was meas- 
5 ured by a pedal volume measuring device (manufactured by UGO BASILE). Incidentally, the measured value, was 
expressed by calculating the increasing rate from the right paw volume of each rat measured before the carrageenan 
administration. 

[0077] The result is shown in Fig. 9. Thus, Fig. 9 shows the relation between the amount of each compound and 
the increasing rate of the pedal edema in which ordinate indicates an increasing rate (%) while abscissa indicates a 
10 dose of each conpound (mg/kg). 

[0078] In Fig. 9, A is a group to which 4-tert-butylcyclopentenone ether was administered while B is a group to 
which 4,5-di-tert-butylcycloperrtenone ether was administered. Each of the compounds showed an suppressing action 
to edema induced by carrageenan. Incidentally, * in Fig. 9 means that it is significantly different from the control group 
at p < 0.05. 

is [0079] Other cyclopentenone derivatives of the present invention prepared in Example 1 also showed the sup- 
pressing action to carrageenan edema to the same extent as the above compounds did. 

Example 4. 

20 [0080] 

(1) One nl of 0.25 \ig/\i\ pBR322 DNA (manufactured by Takara Shuzo) was added to a mixture of 2 \l\ of topoi- 
somerase II (manufactured by TopoGEN, 2 unrts/jjU), 2 juU of a buffer with a ten-fold diluted concentration [0.5M Tris- 
HCI (pH 8.0), 1.2M KCI, 0.1M MgCI 2 . 5mM adenosine triphosphate and 5 mM dithiothreitol], 2 \i\ of 0.1% bovine 

25 serum albumin (manufactured by Takara Shuzo), 11 p-l of distilled water and 2 \i\ of distilled water (a control) or 4,5- 
di-tert-butylcyclopentenone ether prepared into various concentrations by water and made to react at 37°C. After 
the reaction for 30 minutes, the reaction was stopped by adding 2 fxl aqueous solution of 1% sodium dodecylsulfate, 
50% glycerol and 0.02% Bromophenol Blue. 

The above reaction solution (20 was applied to 1% agarose gel prepared from agarose L03 (manufactured 

30 by Takara Shuzo) and TAE buffer [40mM Tris, 5mM sodium acetate and 1mM disodium ethylenediaminetetraace- 
tate (EDTA); adjusted to pH 7.8 with acetic acid] and electrophoresis was conducted in the TAE buffer. After the 
electrophoresis, the gel was dipped in an aqueous solution of 1 jig/ml ethidium bromide and irradiated with ultravi- 
olet ray to observe the electrophoretic pattern of DNA. In a control which was an aqueous solution, DNA completely 
changed from a supercoiled type to a relaxation type but, when topoisomerase II activity was inhibited, the change 

35 from a supercoild type to a relaxation type was partially or completely inhibited. 

The result was that 4,5-di-tert-butylcyclopentenone ether showed a topoisomerase suppressing activity at the 
concentration of not less than 250 jutM in the reaction solution. Thus, the superhelix DNA remained to an medium 
extent by 250 most of the superhelix DNA remained by 500 pA/l, and the superhelix DNA did not decrease at 
all by 1000 pJvl. Optically active substances of 4,5-di-tert-butylcyclopentenone ether and other compounds of the 

40 present invention prepared in Example 1 including their optically active substances showed the same activity as 
well. 

As such, the compounds of the present invention showed a suppressing activity to topoisomerase II which is 
temporarily expressed only in a divisional stage in normal cells and is highly expressed during all of cellular period 
as a result of canceration of the cells. 

45 

Example 5. Injection Preparations. 
[0081] 

so (1) 4-benzylcyclopentenone ether or 5-benzylcyclopentenone ether was added to a physiological saline solution 

(as listed in the Japanese Pharmacopoeia) in a concentration of 1% to prepare an injection preparation. 

(2) 4-benzylcyclopentenone ether or 5-benzylcyclopentenone ether, and glycyrrhizic acid were added to a physio- 
logical saline solution (the same as above) in concentrations of 0.5% and 0.1%, respectively, to prepare an injection 
preparation. 

55 
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Example 6. Tablets. 
[0082] 

(1) A tablet containing 100 mg of 4-benzylcyclopentenone ether and an appropriate amount of microcrystalline cel- 
lulose was prepared and coated with sugar to manufacture a tablet preparation. 

(2) A tablet containing 0. 1 mg of 5-benzylcyclopentenone ether, 1 0 mg of dipotassium glycyrrhizinate and an appro- 
priate amount of microcrystalline cellulose was prepared and coated with sugar to manufacture a tablet prepara- 
tion. 

MERIT OF THE INVENTION 

[0083] The present invention offers the manufacturing method for the cyclopentenone derivative, an optically active 
substance thereof or a salt thereof which exhibits the physiological activities such as anticancer activity, cell growth 
inhibiting activity on cancer cells, apoptosis induction activity, etc. the pharmaceutical agent using the compound 
offered by the present invention as an effective component is a useful pharmaceutical agent especially for keeping 
homeostatis of living body. 



1. A cyclopentenone derivative represented by the following formula [0 or an optically active substance or a salt 



(In the formula, R-) and R 2 are same or different and each of them is straight or, branched alkyl group, 
straight or branched alkenyl group, aromatic group, aromatic-aliphatic group or H with a proviso that the case where 
R 1 = R 2 = H, or R-i = benzyl group and R 2 = H is excluded.) 

2. A method for the manufacture of a cyclopentenone derivative represented by the formula [II], characterized in that, 
4,5-dihydroxy-2-cyclopenten-1-one represented by the following formula [HQ and/or an optically active derivative 
thereof are/is made to react with alcohol and/or a reactive derivative thereof corresponding to R 3 and R 4 of the 
cyclopentenone derivative represented by the following formula [II] either simultaneously or successively. 



Claims 



thereof. 



.0 





0 - 




■MI] 



O - R 4 



(In the formula. R 3 and R 4 are same or different and each of them is straight or branched alkyl group, straight 
or branched alkenyl group, aromatic group, aromatic-aliphatic group or H with a proviso that the case where R 3 = 
R 4 = H is excluded.) 
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OH 

15 

3. A pharmaceutical agent which is characterized in containing at least one compound selected from the cyclopen- 
tenone derivative, an optically active substance or a salt thereof according to claim 1 as an effective component. 

20 4. A pharmaceutical agent according to claim 3 which the agent is an anticancer agent. 

5. A pharmaceutical agent according to claim 3 which the agent is an apoptosis-inducing agent. 

6. A pharmaceutical agent which is characterized in containing at least one compound selected from the cyclopen- 
25 tenone derivative, an optically active substance or a salt thereof obtained by the method according to claim 2 as an 

effective component. 

7. A pharmaceutical agent according to claim 6 which the agent is an anticancer agent. 

30 8. A pharmaceutical agent according to claim 6 which the agent is an apoptosis inducing agent. 




14 



EP 1 000 923 A1 



Fig. .I.:- 
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Fig. 2 
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Fig. .3 
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Fig. 4 
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Fig . . 5. 
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Fig . 6 
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Fig. 8 
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Fig. 9 
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